Summary : Serotonin (5-HT) containing endocrine cells were visualized by an immunoperoxidase technique in gastric and duodenal mucosa of the dog. Numerous 5-HT immunoreactive cells were found throughout the gastric glands below the pits and the duodenal glands below the crypts. These cells were mostly located in the middle third of the gastric glands and in the lower portion of the duodenal glands, while relatively few were found in the neck portion of both glands. The 5-HT positive cells had various features such as pyramidal or bottle-like shapes. They were always situated within the basal lamina of the glands. Electron microscopic study revealed that the 5-HT immunoreactive structures seemed identical with the secretory granules of the enterochromaffin (EC) cells. The 5-HT positive granules showed polymorphic features having 200-300 nm in diameter.
Summary : Serotonin (5-HT) containing endocrine cells were visualized by an immunoperoxidase technique in gastric and duodenal mucosa of the dog. Numerous 5-HT immunoreactive cells were found throughout the gastric glands below the pits and the duodenal glands below the crypts. These cells were mostly located in the middle third of the gastric glands and in the lower portion of the duodenal glands, while relatively few were found in the neck portion of both glands. The 5-HT positive cells had various features such as pyramidal or bottle-like shapes. They were always situated within the basal lamina of the glands. Electron microscopic study revealed that the 5-HT immunoreactive structures seemed identical with the secretory granules of the enterochromaffin (EC) cells. The 5-HT positive granules showed polymorphic features having 200-300 nm in diameter.
The present study demonstrates that 5-HT containing EC cells can be detected with high sensitivity by the immunoperoxidase method, in which results are in agreement with previous reports obtained by various conventional techniques such as Falck-Hillarp's fluorescence histochemistry at a light microscopic level. Further evidence is given, for the first time by immunohistochemistry, showing specific subcellular localization of immunoreactive 5-HT in gastrointestinal endocrine ceells at an electron microscopic level. 
Materials and Methods
Five dogs of both sexes (5-8 Kg body weight) were used.
The animals were deeply anesthetized with Nembutal (40 mg/Kg), and were perfused through the left ventricle with an ice-cold fixative containg paraformaldehyde, 0.3% glutaraldehyde and 0.2% picric acid in 0.1 M sodium phosphate buffer (pH 7.4 ; PB) After perfusion fixation, the stomach and duodenum were quickly removed. Various areas of stomach 'and duodenum were dissected into small blocks (5-10 mm).
Care was taken to avoid any damage in mucosal layer of these specimens.
They were then postfixed for 48 hours at 4°C in a fixative containing 4% paraformaldehyde and 0.2% picric acid buffered with PB. The fixed specimens were washed with PB containing 15% sucrose for 48 hours at 4°C.
For light microscopic study, cryostat sections 20 pm thick were processed for immunohistochemistry according to the previous report of Kimura et al. (1981) using the unlabeled antibody peroxidaseantiperoxidase complex (PAP) developed by Sternberger (1979) . Free-floating sections were pretreated with 0.3% Triton X-100 for four days and then they were treated in turn with 0.1% normal bovine serum for 1 hour, anti-5-HT rabbit antiserum (Takeuchi et al., 1982; x 1/8,000) overnight, anti-rabbit goat IgG ( x 1/400) for 5 hours, and PAP ( x 1/800) for 1 hour. Each antiserum was diluted with phosphate buffered saline (0.1 M phosphate buffer, 0.9% NaCl; PBS) containing 0.3% Triton X-100. Specimens were washed in PBS containing 0.3% Triton X-100 before they were transfered from one serum to another. Finally 5-HT , could be visualized by reacting with 0.02% diaminobenzidine and 0.015% •H202 for 10 min. Stained sections were mounted on gelatin-coated glass slides, air dried and washed with tap water.
They were dehydrated in graded ethanols, cleared in xylene and covered with coverslip.
Control experiments for the immunostaining were done by replacing the anti-5-HT antiserum with normal rabbit serum and by incubating the anti-5-HT antiserum with excess amount of 5-HT prior to incubation with the seruum. No immunoreactive structures were found in control experiments.
For cheking the immunological cross reactivity of the anti-5-HT antiserum, several 5-HT analogues (tryptamine, 5-methoxy-N-acetyl tryptamine, 5-hydroxy indole and 5-hydroxy indole acetic acid) were examined by radioimmunoassay method. The anti-5-HT antiserum had only negligible, cross immunoreactivity with these compounds.
In some experiments, in order to inhibit the activity of endogenous peroxidase, tissue sections were first treated with 0.1% phenylhydrazine (pH 7.4) freshly prepared for 1 hour at room temperature (Straus, 1979) . The treatment was effective to some degree in removing the endogenous peroxidase activity.
In addition to the techniques described above, paraffin embedded sections were also processed for 5-HT immunohistochemistry.
Gastrointestinal tissues were removed before the perfusion fixation and immersed in Bouin's fixative for 12 hours at 4°C.
The Staining results in vibratome sections were also identical with the sections for light microscopic study.
The 5-HT immunoreactive cells were detected light microscopically throughout the gastric glands below the pits and the duodenal glands below the crypts.
The 5-HT positive cells were predominantly distributed in the middle third of the gastric glands and in the lower portions of duodenal glands, while relatively few cells were located in the neck portions of both gastric and duodenal glands. The 5-HT cells were always localized within the basal lamina of the glands. The cells showed pyramidal or bottle-like shapes. The perikaryal regions of these cells were rich in cytoplasm and were exclusively situated near the basements membrane ( Fig. 1-4) . Near to the lumen, in turn, thick cytoplasmic extensions were commonly observed reaching at the lumen in small areas.
This feature was most frequently seen in the pyloric and duodenal glands ( Fig. 1-4) .
Although 5-HT immunoreactive components were easily detected electron microscopically in sections without electron-stainings, other subcellular organellae including secretory granules were vaguely observed in such sections. After confirming the 5-HT positive structures, therefore sections were stained with uranyl acetate followed by lead citrate for visualizing non-immunoreactive subcellular organellae. Despite the complicated procedures employed, the results were quite satisfactory for analyzing subcellular components.
An exception was mitochondria which often appeared swollen and exhibited myelin figures. The fine structure of secretory granules, however, appeared intact, independent from any mitochondrial changes within the same cell. It was, thus, possible to differentiate several types of endocrine cells based on morphological differences of secretory
granules. An example of 5-HT immunoreactive endocrine cells in the pyloric glands is shown in figure 5 . The nucleus showed densely marginated chromatin. In the cytoplasm, characteristic secretory granules were seen. The upper part of the cell was unstained for the immunohistochemistry, probably due to technical limitations, and contained electron-dense polymorphic granules having clear margins.
The diameters of these granules were within 200-300 nm. This type of cells was classified as a cell resembling to the enterochromaffin cell described by Solcia et al. (1975) in the dog. In the lower part of the cytoplasm of the same cell, 5-HT-immunoreactive structures can be seen (arrows). Similar secretory granules to those in the upper part of the cell are positively stained for 5-HT, having irregular margin.
In addition, 5-HT positive structures of various sized (from tiny dots to moderate sized vesicles) are also deposited in the cytoplasmic matrix (Fig. 5) .
Discussion
In the present study, the 5-HT immunoreactive cells were successfully demonstrated in the gastrointestinal glands of the dog. Identical staining results were obtained in the cryostat, vibratome and paraffin embedded sections, in which specimens were priorly treated with aldehyde fixatives or with conventional Bouin's solution. Facer et al. (1979) claimed that the immunoreactivity of 5-HT could only be preserved by special fixatives of two cross-linking agents, pbenzoquinon and diethylpyrocarbonate with immunofluorescence technique employed in freeze-dryed sections. The presently used immunoperoxidase techniques appear to have provided much easier and more stable method for visualizing 5-HT immunoreactive structures. In addition, the immunoperoxidase method. could readily applied to electron microscopic study for 5-HT positive components.
It is important to observe the 5-HT immunoreactive components at an electron microscopic level, since the identification of different types of the gastrointestinal endocrine cells can be achieved by analyzing precisely morphological features of secretory granules.
Based on differ- On the other hand, a radioautographic study suggested that all morphological types of gastric mucosal cells in the mouse exhibited a similar facility to incorporate exogenous 3H-5-HTP and to convert it to 3H-5-HT intracellularly (Rubin et al., 1971 ). The discrepancy may be clarified when both two species are examined by the two approaches.
It is not yet known whether or not a secretory granule in 5-HT containing EC cells is only one site for synthesizing and storing 5-HT. The presnt electron microscopic observation suggests that 5-HT in EC cells can be synthesized, and be stored in part, in the cytoplasm. Tract  949 ever, due to technical limitations inherent to the immunohistochemical technique, we can not rule out the possibility of relocation of 5-HT from the original site to the cytoplasm.
How-in the Gastrointestinal
Further technical improvement is required.
Using the present immunocytochemical techniques, it now became possible to identify both amines and peptides as markers for endocrine cells at cellular and subcellular levels. Cryostat section, PAP technique using anti-5-HT antiserum (1: 8,000) . x 1,000. See text for explanations. x 20,000.
